
US008122586B2 

(12) United States Patent (10) Patent No.: US 8,122,586 B2 
Muylaert et a]. (45) Date of Patent: Feb. 28, 2012 

(54) METHOD FOR CONNECTINGA (56) References Cited 
TENSION-TORSION STRAP 

U.S. PATENT DOCUMENTS 

(75) Inventors: Neal W. Muylaert, Apache Junction, AZ 3,885,887 A * 5/1975 Desjardins .................. .. 416/141 
(Us); Lyndon Claudius Lamborn, 4,242,048 A * 12/1980 McArdle ................. .. 416/134A 
Mesa AZ (Us) 4,244,677 A 1/1981 Noehren et a1. 

’ 4,251,187 A 2/1981 Hollrock 
4,264,277 A * 4/1981 McCafferty ............ .. 416/134 A 

(73) Assignee: The Boeing Company, Chicago, IL 4,534,704 A 8/1985 McArdle 
(Us) 4,543,040 A 9/1985 McArdle et 31. 

4,568,245 A 2/1986 Hibyan et 31. 
4,676,720 A 6/1987 NiWa et a1. 

( * ) Notice: Subject to any disclaimer, the term of this 4,868,962 A 9/ 1989 McArdle er a1, 
patent is extended or adjusted under 35 4,975,021 A 12/1990 Wagner et a1. 
U_S_C_ 154(1)) by 617 days_ 5,092,738 A 3/1992 Byrnes et a1. 

5,110,259 A 5/1992 Robinson 
5,120,195 A 6/1992 Schmaling et a1. 

(21) Appl. No.: 12/272,957 5,460,487 A 10/1995 Schmaling et a1. 
5,478,204 A * 12/1995 Desjardins et a1. ..... .. 416/168 R 

- _ 5,499,903 A 3/1996 Schmaling et a1. 
(22) Med Nov‘ 18’ 2008 5,645,400 A 7/1997 Hunter et a1. 

2010/0034654 A1* 2/2010 Muylaert et a1. ........ .. 416/134 A 

(65) Prior Publication Data >I< Cited by examiner 

Us 2010/0124501 A1 May 20’ 2010 Primary Examiner * David H Bollinger 

(74) Attorney, Agent, or Firm * Yee & Associates, PC. 
(51) Int. Cl. 

B23P 1 7/04 (2006.01) (57) ABSTRACT 
(52) us. Cl. ........ .. 29/592; 29/8972; 29/8973; 29/428; A method for Connecting? tension-torsion strap- Th? method 

29/8896; 416/134 A; 416/135; 416/168 R; 1nc1udes sl1d1ng a sleeve into an arm ofa hub; al1gn1ng holes 
416/158; 416/141; 416/87; 416/89 in the sleeve With holes in the hub; installing a bushing in each 

(58) Field of Classi?cation Search 29/592 aligned hole in the sleeve; sliding a ?rst end of the tension 

29/897, 897.2, 897.3, 428, 889.6; 416/134 A, 
416/134 R, 135, 168 R, 158, 141, 87, 89 

See application ?le for complete search history. 

torsion strap through the sleeve; and placing a pin through the 
bushings and the tension-torsion strap. 

5 Claims, 7 Drawing Sheets 

1100'\ SLIDE SLEEVE INTO 
ARM IN ROTOR SYSTEM 

I 
1102\ 

INSTALL BUSHINGS TO FORM 
AN INTERFERENCE FIT TO 
FORM RETENTION SYSTEM 

I 
1104\ 

SLIDE END OF 
TENSION-TORSION STRAP 

THROUGH ARM INTO SLEEVE 

I 

1106/ 

PLACE PIN THROUGH 
BUSHINGS AND A 
CONNECTOR FOR 

TENSION-TORSION STRAP 

I 

1108/ 
SECURE END OF 
TENSION-TORSION 
STRAP TO A BLADE 

@ 



US. Patent Feb. 28, 2012 Sheet 1 017 US 8,122,586 B2 

"3 
102\ SPECIFICATION I 

AND DESIGN 1100\ SLIDE SLEEvE INTO 
I ARM IN ROTOR SYSTEM 

104\ MATERIAL I 
PROCUREMENT 1 102 INSTALL BUSHINGS TO FORM 

I \ AN INTERFERENCE FIT TO 
106 COMPONENT AND FORM RETENTION SYSTEM 
\ SUBASSEMBLY I 

MANUFACTURING SLIDE END OF 
I 1104\ TENSION-TORSION STRAP 

SYSTEM THROUGH ARM INTO SLEEVE 

108/ INTEGRATION I 
I PLACE PIN THROUGH 

CERTIFICATION 1106 / BUSHINGS AND A 
110/ AND DELIVERY CONNECTOR FOR 

I TENSION-TORSION STRAP 

IN SERvICE ‘ 
112/ I SECURE END OF 

1108 / TENSION-TORSION 
MAINTENANCE STRAP TO A BLADE 

114/ AND SERvICE 

FIG. 1 i) 
FIG. I I 

2? 
AIRCRAFT I‘ SYSTEMS ‘I 
AIRFRAME : DRIvE ELECTRICAL : 

l l 
206 \ I 212 \ 214 \ I 

202 l 208 210 l \ I \ \ I 
INTERIOR I HYDRAULIC ENVIRONMENTAL I 

l l 

I ROTOR \216 I l 
204/1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __J 



US. Patent Feb. 28, 2012 Sheet 2 of7 US 8,122,586 B2 

DRIVE SYSTEM y 

SPINDLE @ 

RoToR SYSTEM @ 

HUB E 

WALL E 

325\ MULTIPLE INTERFACE FITHNG RETENTI0N sYsTEM @ 

+T'aezI 326 3667'+ 
357 8 328/ SLEEVE HOUSING _ 2 358 

HRST SECOND END @ SECOND 
MEMBER MEMBER 

WALL _ 388 

BUSHING @ BUSHING / 
I.u ‘ : Lu 2 

388 @ ;, 34/2 é é PA a 
\ 55' J gmfaeo N J g' 5 
E °° % 2| 5% $| % m % 

u, E m \338 5g 340/ E u, g; 
—l I Em I.I.I I _I 

(I? o E 5 g C.) (I? E 
\ E 346 E 3/62 356 g \ % 
370 g 354 2 350 m 352\ g 376 \ 

‘ ‘ LL / / CHANNEL 5% X ("A ‘ _ 399 
‘ \' E w v ' 

372 j g» L 34—4 ‘I 5 L j 378 
< co <2: <2: < 

WALL @ ? Lg I: OPENING a: ; WALL? 
E @ 

FIRSTEND 33_4 

II II 
/317 BORE I384 /375 

396/ GAP v 367,\_ ARM E 
M 

322\ FIRSTEND w 
FLEXIBLE " PIN @ LUG Q 

sTRucTuRAL 
MEMBERS TORSION TENsIoN-ToRsIoNsTRAP? PIN \301 

FoRcE LUG 
m 320 303/ 

SECOND END m 

BLADES @ BLADE \314 

FIG. 3 



US. Patent Feb. 28, 2012 Sheet 3 of7 US 8,122,586 B2 



US. Patent Feb. 28, 2012 Sheet 4 of7 US 8,122,586 B2 



US. Patent Feb. 28, 2012 Sheet 5 of7 US 8,122,586 B2 



US. Patent Feb. 28, 2012 Sheet 6 0f 7 

c 

f 904 

US 8,122,586 B2 



US. Patent Feb. 28, 2012 Sheet 7 017 US 8,122,586 B2 

1012 1014 
1016 1018 

1008 1010 
1020 

FIG. 10 



US 8,l22,586 B2 
1 

METHOD FOR CONNECTING A 
TENSION-TORSION STRAP 

BACKGROUND INFORMATION 

1. Field 
The present disclosure relates generally to aircraft and, in 

particular, to a method and apparatus for a helicopter assem 
bly. Still more particularly, the present disclosure relates to a 
method and apparatus for an assembly that connects a heli 
copter rotor blade to a hub. 

2. Background 
The rotor system of a helicopter may be the rotating part of 

a helicopter that generates lift. A rotor system may be 
mounted horizontally to provide vertical lift. In some cases, a 
tilt rotor may be used in Which the rotor may be mounted on 
a pylon that may rotate from a horiZontal plane to a vertical 
plane. A rotor system may include a hub and rotor blades. The 
hub may provide an attachment point for rotor blades. The 
rotor blades may be attached to the hub using various meth 
ods. 

For example, Without limitation, rotor blades may be con 
nected to the hub in a rigid manner. With this type of rotor 
system, the blades are not hinged in the ?ap or drag axes but 
may be feathered in order to vary thrust and cyclic blade pitch. 

Another type of rotor system is a semi-rigid rotor system. 
With this type of rotor system, ?apping and feathering may 
occur. The blades may be rigidly attached to the hub. The hub 
may then be attached to a mast in Which the hub may tilt With 
respect to the shaft. 

With a fully articulated rotor system, each blade may be 
attached to the hub through a number of hinges. These hinges 
may alloW a blade to move independently of the other blades. 
The independent movement may be such that the blades may 
change pitch but do not change location relative to the rota 
tional axis of the rotor. These types of rotor systems may 
alloW the blades to ?ap, feather, lead, lag, and/or otherWise 
move independently of the other blades. 

With fully articulated rotor systems, different types of 
architectures may be used to connect the blades to the hub. 
For example, Without limitation, a bearing-based connection 
system or a bearingless connection system may be used. With 
a bearingless connection system, a ?exible structural member 
may be used to connect and/ or retain a blade to a hub in a rotor 
system. This ?exible structural member may alloW a capabil 
ity to control the position of a blade in an accurate manner. 
These positions may alloW for motions such as, for example, 
Without limitation, ?ap Wise bending motions, end Wise bend 
ing motions, torsional change motions, or other suitable 
motions. 

The ?exible structural member may replace older designs, 
Which may use a hinge and/or journal-type bearings at the 
connection of the blade to the hub. This type of design may 
also be referred to as a ?ex beam or ?ex beam connector. 
When replacing an older rotor assembly With a ?ex beam 

assembly, it may be desirable to keep the different dimen 
sions, materials, and/or other suitable features of the current 
system as close to the original design as possible. This type of 
goal may be desirable to maintain performance in other ?ight 
features from the original design. With these types of require 
ments, changing a bearing-based rotor system to a bearingless 
rotor system may be challenging to maintain as many struc 
tural parameters as possible close to original design speci? 
cations. 

Therefore, it Would be advantageous to have a method and 
apparatus for assembling a rotor system that overcomes the 
issues described above as Well as possibly other issues. 
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2 
SUMMARY 

In one advantageous embodiment, an apparatus may com 
prise a housing, a ?rst member, and a second member. The 
housing may have a ?rst end, a second end, a ?rst side, a 
second side, an opening located in the ?rst end, and a passage 
extending from the opening. The ?rst member may extend 
from the ?rst side. The ?rst member may have a ?rst channel 
in communication With the passage and the channel has a ?rst 
center axis. The second member may extend from the ?rst 
side. The second member may have a second channel in 
communication With the passage and the second channel has 
a second center axis substantially aligned With the center axis 
of the channel in the ?rst member. 

In another advantageous embodiment, an apparatus may 
comprise a sleeve, a ?rst bushing, and a second bushing. The 
sleeve may have a ?rst end, a second end, a ?rst side, a second 
side, an opening located in the ?rst end, and a channel extend 
ing from the opening in the ?rst end toWards the second end in 
the sleeve. The channel may be con?gured to guide an inser 
tion of a tension-torsion strap into the channel, and the chan 
nel has a number of ramps capable of guiding the insertion of 
the tension-torsion strap into the channel, Wherein the second 
end forms an environmental barrier. The ?rst bushing may 
have a ?rst end and a second end extending from the ?rst side 
in a ?rst direction substantially normal to the ?rst side of the 
sleeve. The ?rst bushing may have a channel in communica 
tion With a hole on the ?rst end and in communication With the 
channel in the sleeve, and the channel has a center axis. The 
second bushing may have a ?rst end and a second end extend 
ing from the ?rst side in a second direction substantially 
normal to the second side of the sleeve. The second bushing 
may have a channel in communication With a hole on the ?rst 
end and in communication With the channel in the sleeve, and 
the channel may have the center axis that is substantially 
aligned With the center axis of the channel in the ?rst bushing. 
A ?rst end of the tension-torsion strap may extend through the 
opening in the ?rst end of the sleeve into the channel in the 
sleeve, and a pin may extend through the channel of the ?rst 
bushing, the ?rst end of the tension-torsion strap, and the 
channel of the second bushing to connect the ?rst end of the 
tension strap to the sleeve. The ?rst bushing and the second 
bushing may each have a Wall thickness suf?cient to support 
the pin placed through the ?rst bushing, the second bushing, 
and the tension-torsion strap to reduce bending moment 
forces on the pin and pin bending of the pin. The ?rst bushing 
and the second bushing reduce a gap betWeen the tension 
torsion strap, a ?rst Wall, and a second Wall of a hub When the 
tension-torsion strap is secured to the ?rst Wall and the second 
Wall by the pin placed through the ?rst bushing and the second 
bushing. The tension-torsion strap may alloW for torsional 
movement and may have an axial strength capable of retain 
ing a blade to the hub. 

In yet another advantageous embodiment, a method may 
be present for connecting a tension-torsion strap. A sleeve 
may be slid into an arm of a hub. Holes in the sleeve may be 
aligned With holes in the hub. A bushing may be installed in 
each aligned hole in the sleeve. A ?rst end of the tension 
torsion strap may be slid through into the sleeve. A pin may be 
placed through the bushings and the tension-torsion strap. 

In still another advantageous embodiment, a method is 
present for connecting a tension-torsion strap for an aircraft. 
A sleeve may be slid into an arm of a hub. Holes in the sleeve 
may be aligned With holes in the hub. A bushing may be 
installed in each aligned hole in the sleeve. A ?rst end of the 
tension-torsion strap may be slid through into the sleeve. A 
pin may be placed through the bushings and the tension 
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torsion strap. The second end of the tension-torsion strap may 
be secured to a blade. The bushings installed in each hole 
aligned to the sleeve form an interference ?t to form a reten 
tion system. 

The features, functions, and advantages can be achieved 
independently in various embodiments of the present disclo 
sure or may be combined in yet other embodiments in Which 
further details can be seen With reference to the folloWing 
description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the advanta 
geous embodiments are set forth in the appended claims. The 
advantageous embodiments, hoWever, as Well as a preferred 
mode of use, further objectives and advantages thereof, Will 
best be understood by reference to the folloWing detailed 
description of an advantageous embodiment of the present 
disclosure When read in conjunction With the accompanying 
draWings, Wherein: 

FIG. 1 is a diagram illustrating an aircraft manufacturing 
and service method in accordance With an advantageous 
embodiment; 

FIG. 2 is a diagram of an aircraft in Which an advantageous 
embodiment may be implemented; 

FIG. 3 is a diagram of a rotor system in accordance With an 
advantageous embodiment; 

FIG. 4 is a diagram of a helicopter in accordance With an 
advantageous embodiment; 

FIG. 5 is a diagram of a portion of a rotor system in 
accordance With an advantageous embodiment; 

FIG. 6 is a diagram illustrating a tension-torsion strap 
inserted into a retention system in accordance With an advan 
tageous embodiment; 

FIG. 7 is a diagram of a retention system in accordance 
With an advantageous embodiment; 

FIG. 8 is another vieW of a retention system in accordance 
With an advantageous embodiment; 

FIG. 9 is another vieW of a retention system With a tension 
torsion strap in accordance With an advantageous embodi 
ment; 

FIG. 10 is a diagram illustrating forces on a pin in a sleeve 
in accordance With an advantageous embodiment; and 

FIG. 11 is a ?owchart of a process for connecting a tension 
torsion strap in accordance With an advantageous embodi 
ment. 

DETAILED DESCRIPTION 

Referring more particularly to the draWings, embodiments 
of the disclosure may be described in the context of aircraft 
manufacturing and service method 100 as shoWn in FIG. 1 
and aircraft 200 as shoWn in FIG. 2. In these examples, 
aircraft 200 may be a helicopter and/or some other aircraft 
that may employ blades that may rotate substantially horiZon 
tal to the ground. 

Turning ?rst to FIG. 1, a diagram illustrating an aircraft 
manufacturing and service method is depicted in accordance 
With an advantageous embodiment. During pre-production, 
exemplary aircraft manufacturing and service method 100 
may include speci?cation and design 102 of aircraft 200 in 
FIG. 2 and material procurement 104. 

During production, component and subassembly manufac 
turing 106 and system integration 108 of aircraft 200 in FIG. 
2 takes place. Thereafter, aircraft 200 in FIG. 2 may go 
through certi?cation and delivery 110 in order to be placed in 
service 112. While in service by a customer, aircraft 200 in 
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4 
FIG. 2 is scheduled for routine maintenance and service 114, 
Which may include modi?cation, recon?guration, refurbish 
ment, and other maintenance or service. 

Each of the processes of aircraft manufacturing and service 
method 100 may be performed or carried out by a system 
integrator, a third party, and/ or an operator. In these examples, 
the operator may be a customer. For the purposes of this 
description, a system integrator may include, Without limita 
tion, any number of aircraft manufacturers and major-system 
subcontractors; a third party may include, Without limitation, 
any number of venders, subcontractors, and suppliers; and an 
operator may be an airline, leasing company, military entity, 
service organiZation, and so on. 
With reference noW to FIG. 2, a diagram of an aircraft may 

be depicted in Which an advantageous embodiment may be 
implemented. In this example, aircraft 200 may be a helicop 
ter produced by aircraft manufacturing and service method 
100 in FIG. 1 and may include airframe 202 With a plurality of 
systems 204 and interior 206. Examples of systems 204 
include one or more of drive system 208, electrical system 
210, hydraulic system 212, environmental system 214, and 
rotor system 216. Any number of other systems may be 
included. Although an aerospace example is shoWn, different 
advantageous embodiments may be applied to other indus 
tries, such as the automotive industry. 

Apparatus and methods embodied herein may be 
employed during any one or more of the stages of aircraft 
manufacturing and service method 100 in FIG. 1. For 
example, Without limitation, components or subassemblies 
produced in component and subassembly manufacturing 106 
in FIG. 1 may be fabricated or manufactured in a manner 
similar to components or subassemblies produced While air 
craft 200 is in service 112 in FIG. 1. 

Also, one or more apparatus embodiments, method 
embodiments, or a combination thereof may be utiliZed dur 
ing production stages, such as component and subassembly 
manufacturing 106 and system integration 108 in FIG. 1, for 
example, Without limitation, by substantially expediting the 
assembly of or reducing the cost of aircraft 200. Similarly, 
one or more of apparatus embodiments, method embodi 
ments, or a combination thereof may be utiliZed While aircraft 
200 is in service 112 or during maintenance and service 114 
in FIG. 1. 
The different advantageous embodiments recogniZe that in 

minimiZing changes to an aircraft in the form of a helicopter 
When replacing a bearing-based rotor system With a bearing 
less rotor system, dif?culties may be encountered in connect 
ing a blade to a hub using a ?exible structural member, While 
maintaining durability of the hub. With a ?exible structural 
member, this member may connect a blade to a hub using 
pins. 
The different advantageous embodiments recogniZe that 

With the current shape of the channel and the arm of a hub, an 
undesirable gap may exist betWeen a ?exible structural mem 
ber and the hub as a result of current manufacturing pro 
cesses. This gap may result in more force on the pin than 
desired When the pin secures the ?exible structural member to 
the hub. 
Some solutions may include using a larger pin to reduce 

bending. The different advantageous embodiments recogniZe 
that this type of solution may result in increased Weight and an 
increased inability to meet dynamic requirements to maintain 
the connections. The different advantageous embodiments 
also recogniZe that a design in a spindle for receiving a ?ex 
ible structural member may be oval in shape due to current 
designs for ?xed linkages betWeen the blade and hub. Design 
ing a method for providing a siZe and shape of the hole to 
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receive a ?exible structural member may be expensive and 
dif?cult to implement in a manufacturing process. 

Thus, the different advantageous embodiments may pro 
vide a method and apparatus for connecting a ?exible struc 
tural member to a hub. In one advantageous embodiment, a 
housing having a ?rst end, a second end, a ?rst side, a second 
side, an opening located in the ?rst end, and a channel extend 
ing from the opening in the ?rst end toWards the second end in 
the housing are present. A ?rst member has a channel in 
communication With the hole in the ?rst end of the ?rst 
member in Which the channel may be in communication With 
the channel in the housing. 
A second member has a channel in communication With a 

hole in the ?rst end of the second member and in Which the 
channel may be in communication With the channel in the 
housing. The channel in the ?rst member and the channel in 
the second member may each have a center axis that may be 
substantially aligned to each other. 
The different advantageous embodiments recogniZe and 

take into account that When a ?exible structural member such 
as, for example, Without limitation, a tension-torsion strap, 
may be used, a Width of the strap may be such that a gap may 
be present betWeen the tension-torsion strap and an upper 
Wall and a loWer Wall Within the hub of the rotor system. A pin 
placed through a hole to secure the tension-torsion strap to the 
hub may encounter bending moments that may be greater 
than if a gap Were absent. 

The different advantageous embodiments also recogniZe 
that a tapered bore in the hub may be used to overcome some 
or all of the issues described. This type of bore, hoWever, may 
cause the hub to be too expensive to fabricate. In contrast, the 
different advantageous embodiments may alloW for the use of 
a straight bore and less expensive hub. 

The different advantageous embodiments recogniZe and 
take into account that one solution may involve using a ten 
sion-torsion strap that may be Wider or taller. This type of 
design solution, hoWever, may not provide the performance 
characteristics and physical clearances that are desired. 

The different advantageous embodiments may reduce 
bending moments on a pin used to retain a tension-torsion 
strap to a hub. Further, the different advantageous embodi 
ments may provide a loading ramp in the housing to facilitate 
the assembly of the tension-torsion strap into the hub, espe 
cially in the event that the installation cannot be aided With 
visual feedback. Also, one end of the housing may provide an 
environmental seal and/or barrier. 

With reference noW to FIG. 3, a diagram of a rotor system 
may be depicted in accordance With an advantageous embodi 
ment. In this illustrative example, rotor system 300 may be 
connected to spindle 302. Spindle 302 may, in turn, be con 
nected to drive system 304. Drive system 304 may turn 
spindle 302 to turn rotor system 300. 

In this advantageous embodiment, rotor system 300 may 
include hub 306 and blades 308. Blades 308 may be attached 
to hub 306 using ?exible structural members 310. For 
example, Without limitation, tension-torsion strap 312 may 
connect blade 314 in blades 308 to hub 306. Tension-torsion 
strap 312 and other forms of ?exible structural members 310 
may be comprised of various materials. In particular, the 
materials selected may depend on particular implementa 
tions. 

For example, Without limitation, tension-torsion strap 312 
may be comprised of a material and/or have a cross-sectional 
shape that may be torsionally soft and axially stiff. In other 
Words, tension-torsion strap 312 may alloW for torsion force 
320 to be applied to tension-torsion strap 312 When adjusting 
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6 
and/or positioning blade 314. Tension-torsion strap 312 may 
be stiff in axial direction 322 to provide strength in connect 
ing blade 314 to hub 306. 

In these illustrative examples, second end 316 may be 
connected to blade 314, as shoWn by arroW 317, While ?rst 
end 318 of tension-torsion strap 312 may be connected to hub 
306. In particular, ?rst end 318 may be connected using 
retention system 324 located Within hub 306. Retention sys 
tem 324 may be multiple function interface ?tting 325. 

In this depicted example, retention system 324 may include 
housing 326, Which may provide a structure and/or frame for 
retention system 324. Housing 326 may take the form of 
sleeve 328. Housing 326 may have ?rst side 330, second side 
332, ?rst end 334, and second end 336. Hole 338 may be 
located in ?rst side 330, While hole 340 may be located in 
second side 332. Hole 338 and hole 340 may be aligned along 
axis 342. 

Further, housing 326 may have channel 344, Which may 
extend from opening 346 at ?rst end 334. Housing 326 may 
also have ramp system 348, Which may include ramps 350 
and 352. Ramp 350 may be located on Wall 354, While ramp 
352 may be located on Wall 356. Wall 358 may be located at 
second end 336 and may function as environmental barrier 
360 to prevent matter from entering interior 362 of hub 306 
through channel 344 of housing 326. In particular, environ 
mental barrier 360 may prevent, for example, Without limita 
tion, particles, gases, foreign objects, debris, moisture, and/or 
other matter from accumulating Within hub 306. 

Further, retention system 324 also may have ?rst member 
364 and second member 366. First member 364 may be 
bushing 368 having channel 370. Channel 370 may have 
center axis 372. Center axis 372 may be an axis through a 
center of channel 370. Second member 3 66 may take the form 
of bushing 374 having channel 376, Which may have center 
axis 378. In these illustrative examples, channel 370 and 
channel 376 may be a bore. First member 364 may extend 
from hole 338 in ?rst side 330, While second member 366 
may extend from hole 340 in second side 332, as shoWn by 
arroW 367. 

In these examples, ?rst member 364 and second member 
366 may be formed integrally as part of housing 326. In other 
advantageous embodiments, ?rst member 364 and second 
member 366 may be placed into holes 338 and 340, respec 
tively. First member 364 and/or second member 366 may be 
retained in holes 338 and 340 through an interference ?t. 

In the advantageous embodiments, ?rst end 318 of tension 
torsion strap 312 may be placed into hub 306 through bore 
384 in arm 386 ofhub 306. First end 318 may be guided into 
channel 344 of housing 326 through ramp system 348 Within 
channel 344, as shoWn by arroW 375. Pin 388 may be placed 
through hole 390, channel 370 of ?rst member 364, lug 392 in 
tension-torsion strap 312, channel 376 in second member 
366, and hole 394 in hub 306 to secure tension-torsion strap 
312 to hub 306. 
Gap 396 betWeen hub 306 and tension-torsion strap 312 

may be reduced through the use of ?rst member 364 and 
second member 366. In other Words, ?rst member 364 and 
second member 366 may provide support and may reduce 
bending moment forces on pin 388. First member 364 and 
second member 366 may form a continuous support because 
their simultaneous and continuous communication With Walls 
387 of hub 306, as shoWn by arroWs 357 and 358, and ?rst and 
second sides 330 and 332 of housing 326. This arrangement 
may reduce gap 396. 

Further, ?rst member 364 may have Wall 397 and second 
member 366 may have Wall 398, each With thicknesses suf 
?cient to reduce and/ or prevent bending of pin 388. In other 
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Words, ?rst member 364 and second member 366 provide 
additional support for pin 388. This additional support may 
spread shear force 399 along more of pin 388 than currently 
available Without retention system 324. Pin 301 around sec 
ond end 316 of tension-torsion strap 312 may be placed 
through lug 303 to attach second end 316 of tension-torsion 
strap 312 to blade 314. 
The illustration of rotor system 300 in FIG. 3 is not meant 

to imply physical or architectural limitations to the manner in 
Which different advantageous embodiments may be imple 
mented. Other advantageous embodiments may have other 
components in addition to or in place of the ones illustrated. 
Further, other components illustrated may be combined 
together or separated depending on the functionality and 
implementation. 

For example, in some advantageous embodiments, ramp 
system 348 may be unnecessary. In yet other advantageous 
embodiments, only ramp 350 may be present Without any 
need for ramp 352. In some advantageous embodiments, ?rst 
member 364 and also second member 366 may extend into 
channel 370 depending on the Width of tension-torsion strap 
312. 

In these illustrative examples, retention system 324 may 
provide a number of different features. For example, Without 
limitation, retention system 324 may span gap 396 betWeen 
Walls 397 and 398 Within interior 362 of hub 306 and tension 
torsion strap 312. The reduction of gap 396 may reduce bend 
ing forces applied to pin 388. 

Further, ramp system 348 Within retention system 324 also 
may aid in the assembly process for locating and/or replacing 
tension-torsion strap 312 into sleeve 328 for attachment. 

With reference noW to FIG. 4, a diagram of a helicopter 
may be depicted in accordance With an advantageous embodi 
ment. Helicopter 400 may be an example of one implemen 
tation of aircraft 200 in FIG. 2. In this example, helicopter 400 
has rotor system 402. Rotor system 402 may be an example of 
one implementation of rotor system 300 in FIG. 3. In this 
depicted example, rotor system 402 may include blades 404 
and 406 attached to hub 408. In these examples, blades 404 
and 406 may be attached to hub 408 using ?exible structural 
members (not shoWn) With retention systems (not shoWn) in 
accordance With an advantageous embodiment. 

With reference noW to FIG. 5, a diagram of a portion of a 
rotor system may be depicted in accordance With an advan 
tageous embodiment. In this example, rotor system 501 may 
be an example of one implementation of rotor system 300 in 
FIG. 3 that may be used in helicopter 400 in FIG. 4. 

In this illustrative example, hub 500 may have arms 502 
and 504. In this example, retention systems 506 and 508 may 
have been installed Within hub 500. Tension-torsion strap 510 
may be an example of a ?exible structural member attached to 
hub 500 With retention system 506. 
End 512 of tension-torsion strap 510 may be attached to 

blade 314 in FIG. 3. In this example, end 512 of tension 
torsion strap 510 may have bushing shoe 514, Which may 
receive pin 516 to attach end 512 to blade 314. 

With reference noW to FIG. 6, a diagram illustrating a 
tension-torsion strap inserted into a retention system may be 
depicted in accordance With an advantageous embodiment. In 
this illustrative example, end 600 of tension-torsion strap 510 
may be shoWn inserted into opening 602 of retention system 
506. 

In this vieW, bushing 604 and bushing 606 may extend from 
top side 608 and bottom side 610, respectively, of retention 
system 506. Bushing 604 and bushing 606 in sleeve 612 may 
be formed from various materials. The material selected may 
depend on the particular implementation. For example, With 
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8 
out limitation, these materials may be steel, aluminum, mag 
nesium, titanium, bronZe, or some other suitable material. 

With reference next to FIG. 7, a diagram of a retention 
system may be depicted in accordance With an advantageous 
embodiment. In this example, retention system 506 may be 
shoWn Without tension-torsion strap 510. As can be seen in 
this vieW, bushing 604 has center axis 700, While bushing 606 
may have center axis 702. Center axis 700 and center axis 702 
may be substantially aligned With each other in these 
examples. 

Bushing 604 and bushing 606 may reduce gap 396 in FIG. 
3. Gap 396 may be reduced by the extension of bushing 604 
by distance 704 and the extension of bushing 606 by distance 
706. Wall 708 of bushing 604 and Wall 710 of bushing 606 
may have thickness 712 and thickness 714, respectively, that 
may be suf?cient to reduce bending of a pin placed through 
channel 716 and channel 718 of bushing 604 and bushing 606, 
respectively. 

In this example, retention system 506 may be formed from 
an insertion of bushing 604 and bushing 606 into hole 720 in 
top side 608 and hole 722 in bottom side 610 to create inter 
ference ?t 724 and interference ?t 726. In these illustrative 
examples, an interference ?t may be a fastening of tWo parts 
such as, for example, Without limitation, bushing 604 and 
sleeve 612, achieved by friction after the parts are pushed 
together. The interference ?t may be created by, but not lim 
ited to, press-?t, thermal shrink-?tting, oversiZe mandrel 
pass-thru, or other means to accomplish compression of one 
part against another part. 
Ramp system 728 may include ramp 730 and ramp 732 

located at opening 602 Within sleeve 612. Ramp system 728 
may aid in guiding insertion of tension-torsion strap 510 
including bushing shoe 734 into opening 602 to position 
tension-torsion strap 510 into a position to be secured to hub 
306 using pin 388 substantially in alignment With center axis 
702. In this manner, ramp system 728 may promote blind 
assembly. In other Words, an operator may not need to have a 
vieW of opening 602 to insert tension-torsion strap 510. 

With reference noW to FIG. 8, another vieW of a retention 
system may be depicted in accordance With an advantageous 
embodiment. In this perspective vieW of retention system 
506, end 800 of sleeve 612 has Wall 802. Wall 802 may 
function as an environmental barrier to substantially prevent 
particles and/or moisture. For example, Without limitation, 
Wall 802 may prevent particles and/or moisture from entering 
interior 362 ofhub 306 in FIG. 3. 

With reference noW to FIG. 9, another vieW of a retention 
system With a tension-torsion strap may be depicted in accor 
dance With an advantageous embodiment. In this illustration, 
end 900 of tension-torsion strap 510 may be inserted into 
opening 602 of sleeve 612. The insertion of tension-torsion 
strap 510 may be guided by ramp 732 at opening 602. As can 
be seen in this example, end 900 of tension-torsion strap 510 
may have lug 902 Which may receive a pin 904 inserted 
through bushing 604 and/or bushing 606 in these examples. 
Space 906 and space 908 may be an example of gap 396. In 
this example, a portion of top 910 and bottom 912 of hub 500 
may be seen in phantom. Distance 704 and distance 706 
represent the thickness of the hub that may interface With 
bushing 604 and bushing 606 and may include an interference 
?t to provide support When pin 904 may be installed. 
The illustrations of rotor system 501, retention system 506, 

and retention system 508 in FIGS. 5-9 are not meant to imply 
structural or physical limitations to the manner in Which these 
different components may be implemented. Different advan 
tageous embodiments may include other components in addi 
tion to or in place of the ones illustrated in these depicted 
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examples. For example, in other advantageous embodiments, 
hub 500 may have additional arms in addition to arms 502 and 

504. For example, Without limitation, hub 500 may have three 
arms, four arms, or some other number of arms depending on 
the number of blades used. 

With reference noW to FIG. 10, a diagram illustrating 
forces on a pin in a sleeve may be depicted in accordance With 
an advantageous embodiment. In this example, pin 1000 may 
be placed through bushing 1002 and bushing 1004 in sleeve 
1006. Tension-torsion strap 1008 may generate force 1010. 
Bushing 1002 and sleeve 1006 may generate shear force 
1012, While bushing 1004 and sleeve 1006 may generate 
shear force 1014 in response to force 1010. In this example, 
pin 1000 may be under a double shear as illustrated by shear 
force 1012 and shear force 1014. 

In these examples, shear force 1012 may be applied over 
Width 1016, While shear force 1014 may be applied over 
Width 1018. As can be seen in these examples, the use of 
sleeve 1006 With bushing 1002 and bushing 1004 may reduce 
gap 1021. 

Bushing 1002 and/or bushing 1004 may provide additional 
surface 1020 and surface 1022 for bearing on pin 1000. In 
these examples, the bearing may be Width 1024 of pin 1000 
multiplied by a thickness of sleeve 1006 With bushing 1002 
and/or bushing 1004. Length 1026 and Wall thickness 1030 of 
bushing 1002 and length 1028 and Wall thickness 1032 of 
bushing 1004 may be selected to provide an appropriate sup 
port for shear forces 1012 and 1014. Wall thickness 1030 and 
Wall thickness 1032 may be key features providing support to 
pin 1000 by having su?icient thickness. By reducing and/or 
preventing rotational movement of pin 1000, bushings 1002 
and 1004 may provide additional support for pin 1000. 

With reference noW to FIG. 11, a ?oWchart of a process for 
connecting a tension-torsion strap may be depicted in accor 
dance With an advantageous embodiment. The process illus 
trated in FIG. 11 may be performed to assemble rotor system 
300 in FIG. 3. 

The process begins by sliding sleeve 328 into arm 502 in 
rotor system 501 (operation 1100). The process then aligns 
holes in sleeve 328 With holes in hub 306. Bushings 368 and 
374 may be installed to form an interference ?t to form 
retention system 324 (operation 1102). The interference ?t 
formed in operation 1102 may be With bushings 368 and 374 
and sleeve 612. In other advantageous embodiments, the 
interference ?t may also be With bushings 368 and 374 and 
hub 500. In yet other advantageous embodiments, the inter 
ference ?t may be betWeen bushings 368 and 374 and hub 
500. 

First end 318 of tension-torsion strap 312 may be slid 
through arm 386 into sleeve 328 (operation 1104). Pin 388 
may be then placed through bushings 368 and 374 and a 
connector such as lug 392 for tension-torsion strap 312 (op 
eration 1006). Second end 316 of tension-torsion strap 312 
may be secured to blade 314 by pin 301 (operation 1008), 
With the process terminating thereafter. 

The illustration of the ?oWchart in FIG. 11 is not meant to 
limit the manner in Which different installations may be per 
formed. The different operations are presented as one 
example of an implementation for installing a tension-torsion 
strap to a hub. Other advantageous embodiments may include 
other operations in addition to or in place of the ones illus 
trated. For example, in some advantageous embodiments, the 
bushings may be pre-installed into the sleeve and placed into 
the hub. In yet other advantageous embodiments, the tension 
torsion strap may be attached to the blade prior to being 
secured to the hub. 
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Thus, the different advantageous embodiments provide a 

method and apparatus for securing a blade to a hub and a rotor 
system. In the different advantageous embodiments, a reten 
tion system may be employed to reduce bending of a pin 
placed through bushings in the sleeve of the retention system. 
Further, this retention system may reduce pin bending by 
providing additional structure for a pin that spreads out and/or 
distributes shear force applied to the pin during operation. 

Also, the retention system in one or more advantageous 
embodiments may include a ramp system to aid in the instal 
lation of a tension-torsion strap. Further, the ramp system also 
may alloW blind assembly, Without requiring visual guidance. 
The different advantageous embodiments also may include a 
Wall to serve as an environmental barrier. This environmental 

barrier may reduce and/or prevent particles and/or moisture 
from entering the interior of the hub. 
The description of the different advantageous embodi 

ments has been presented for purposes of illustration and 
description and is not intended to be exhaustive or limited to 
the embodiments in the form disclosed. Many modi?cations 
and variations Will be apparent to those of ordinary skill in the 
art. Although the different depicted embodiments have been 
described and illustrated With respect to an aircraft in the form 
of a helicopter, other advantageous embodiments may be 
applied to any type of rotary machinery, Which may operate 
With arms rotating in a substantially horiZontal position. 

For example, Without limitation, the different advanta 
geous embodiments may be applied to a tilt rotor aircraft. 
Further, different advantageous embodiments may provide 
different advantages as compared to other advantageous 
embodiments. The embodiment or embodiments selected are 
chosen and described in order to best explain the principles of 
the embodiments and the practical application, and to enable 
others of ordinary skill in the art to understand the disclosure 
for various embodiments With various modi?cations as are 
suited to the particular use contemplated. 
What is claimed is: 
1. A method for connecting a tension-torsion strap, the 

method comprising: 
sliding a sleeve into an arm of a hub; 
aligning holes in the sleeve With holes in the hub; 
installing a bushing in each aligned hole in the sleeve; 
sliding a ?rst end of the tension-torsion strap through the 

sleeve; and 
placing a pin through the bushings and the tension-torsion 

strap. 
2. The method of claim 1 further comprising: 
securing a second end of the tension-torsion strap to a 

blade. 
3. The method of claim 2, Wherein the bushings installed in 

each hole aligned to the sleeve form a retention system. 
4. The method of claim 1, Wherein the bushings installed in 

each hole aligned to the sleeve form an interference ?t. 
5. A method for connecting a tension-torsion strap for an 

aircraft, the method comprising: 
sliding a sleeve into an arm of a hub; 
aligning holes in the sleeve With holes in the hub; 
installing a bushing in each hole aligned to the sleeve; 
sliding a ?rst end of the tension-torsion strap into the 

sleeve; 
placing a pin through the bushings and the tension-torsion 

strap; and 
securing a second end of the tension-torsion strap to a blade, 
Wherein the bushings installed in the each hole aligned to the 
sleeve form an interference ?t to form a retention system. 

* * * * * 


